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PATENT APPLICATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Masayuki KIKUSHIMA 

Application No.: U.S. National Stage of PCT/JP99/06091 

Filed: April 6, 2001 Docket No.: 108574 

For: PIEZOELECTRIC DEVICE AND METHOD FOR MANUFACTURING THE SAME 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE ABSTRACT : 

Please replace the Abstract with the Substitute Abstract attached hereto. 
IN THE SPECIFICATION : 

Page 1, lines 1-4, delete current paragraph and insert therefor: 
PIEZOELECTRIC DEVICE AND METHOD FOR MANUFACTURING THE SAME 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Page 1, line 8, delete ciorrent paragraph and insert therefor: 

2. Description of Related Art 

Page 2, after paragraph [0005], insert new paragraph heading as follows: 
SUMMARY OF THE INVENTION 
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Please delete page 2, line 22. 

Please replace paragraph [0008] as follows: 

[0008] One exemplary embodiment of the present invention is a piezoelectric 
device including a semiconductor integrated circuit and a piezoelectric resonator element both 
included in a package, wherein an opening is formed in the center of a base provided with an 
input/output electrode pattern, the semiconductor integrated circuit is mounted in the center 
of the opening, and the semiconductor integrated circuit is connected to the electrode pattem 
on the base through a plurality of bumps. 

Please replace paragraph [0009] as follows: 

[0009] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the plurality of bxmips formed on the semiconductor 
integrated circuit are formed at regular intervals on the center portion of an active element 
surface of the semiconductor integrated circuit. 

Please replace paragraph [0010] as follows: 

[0010] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the plurality of bxmips formed on the semiconductor 
integrated circuit are concentrically formed about the center of an active element surface of 
the semiconductor integrated circuit. 

Please replace paragraph [0011] as follows: 

[001 1] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, a dummy bump is formed on the active element surface 
of the semiconductor integrated circuit. 
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Please replace paragraph [0012] as follows: 

[0012] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the dummy bump formed on the semiconductor 
integrated circuit is connected to the electrode pattern on the base. 

Please replace paragraph [0013] as follows: 

[0013] In another exemplary embodiment of the present invention, the piezoelectric 
device described above further includes a layered part, which surrounds the semiconductor 
integrated circuit, for mounting the piezoelectric resonator, the layered part including at least 
two layers, including a first layer and a second layer, wherein an opening of the first layer is 
formed to be larger than an opening of the second layer. 

Please replace paragraph [0014] as follows: 

[0014] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, each of the plurality of bumps formed on the 
semiconductor integrated circuit is shaped to have two levels, one having a diameter 0.8 to 
0.9 times and the other having a diameter 0.4 to 0.45 times the length of a side of an opening 
in a pad provided on an active element surface of the semiconductor integrated circuit. 

Please replace paragraph [0015] as follows: 

[0015] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the base may consist of a ceramic composite substrate. 
Please replace paragraph [0016] as follows: 

[001 6] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, each of the plurality of bumps formed on the 
semiconductor integrated circuit is an Au bump. 
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Please replace paragraph [0017] as follows: 

[0017] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, a protrusion is formed in at least one side wall of the 
base facing the side of the semiconductor integrated circuit. 

Please replace paragraph [0018] as follows: 

[0018] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the protrusion is formed in each of the side walls of the 
base facing the two sides along the longitudinal direction of the semiconductor integrated 
circuit. 

Please replace paragraph [0019] as follows: 

[0019] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the protrusion formed in the side wall of the base has 
substantially the same height as, or is higher than, the semiconductor integrated circuit. 

Please replace paragraph [0020] as follows: 

[0020] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, a gap between the protrusion formed in the side wall of 
the base and the semiconductor integrated circuit is set to a range between 0.05 and 0.15 mm. 

Please replace paragraph [0021] as follows: 

[0021 J Another exemplary embodiment of the present invention is a piezoelectric 
device including a semiconductor integrated circuit and a piezoelectric resonator element 
included in a package, wherein an opening is formed in the center of a base provided with an 
input/output electrode pattern, a plurality of bumps are formed at two opposing sides of an 
active element surface of the semiconductor integrated circuit, the semiconductor integrated 
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circuit is mounted in the opening, and the semiconductor integrated circuit is connected to the 
electrode pattern of the base through the plurality of bumps. 
Please replace paragraph [0022] as follows: 

[0022] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the plurality of bumps formed on the semiconductor 
integrated circuit are formed at regular intervals at the center portion of the active element 
surface of the semiconductor integrated circuit. 

Please replace paragraph [0023] as follows: 

[0023] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, a dummy bump is formed on the active element surface 
of the semiconductor integrated circuit. 

Please replace paragraph [0024] as follows: 

[0024] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the dummy bump formed on the semiconductor 
integrated circuit is connected to the electrode pattern on the base. 

Please replace paragraph [0025] as follows: 

[0025] In another exemplary embodiment of the present invention, the piezoelectric 
device described above, further includes a layered part on which the piezoelectric resonator is 
mounted and which surrounds the semiconductor integrated circuit, the layered part including 
at least two layers including a first layer and a second layer, wherein an opening of the first 
layer is formed to be larger than an opening of the second layer. 

Please replace paragraph [0026] as follows: 

[0026] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, each of the plurality of bumps formed on the 
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semiconductor integrated circuit is shaped to have two levels, one having a diameter 0.8 to 
0.9 times and the other having a diameter 0.4 to 0.45 times the length of an opening in a pad 
provided on the active element surface of the semiconductor integrated circuit. 
Please replace paragraph [0027] as follows: 

[0027] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the base includes a ceramic composite substrate. 
Please replace paragraph [0028] as follows: 

[0028] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the plurality of bumps formed on the semiconductor 
integrated circuit are Au bmnps. 

Please replace paragraph [0029] as follows: 

[0029] Another exemplary embodiment of the present invention is a piezoelectric 
device including a semiconductor integrated circuit and a piezoelectric resonator element 
included in a package, wherein an opening is formed in the center of a base provided with an 
input/output electrode pattern is formed, a plurality of bumps are formed at two opposing 
sides of an active element surface of the semiconductor integrated circuit, the semiconductor 
integrated circuit is mounted in the center of the opening, and the semiconductor integrated 
circuit is connected to the electrode pattern through the plurality of bumps by ultrasonic 
bonding. 

Please replace paragraph [0030] as follows: 

[0030] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, a vibration direction of ultrasonic waves applied to the 
semiconductor integrated circuit is perpendicular to the two opposing sides of the active 
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element surface of the semiconductor integrated circuit at which the plurality of bumps are 
formed. 

Please replace paragraph [0031] as follows: 

[0031] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, a printing direction of the electrode pattern on the base 
and a vibration direction of ultrasonic waves applied to the semiconductor integrated circuit 
are the same. 

Please replace paragraph [0032] as follows: 

[0032] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, each of the plurality of bumps formed on the 
semiconductor integrated circuit is shaped to have two levels, one having a diameter 0.8 to 
0.9 times and the other having a diameter 0.4 to 0.45 times the length of an opening in a pad 
provided on the active element surface of the semiconductor integrated circuit. 

Please replace paragraph [0033] as follows: 

[0033] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, each of the plurality of blimps formed on the 
semiconductor integrated circuit is shaped to have two levels, one being 80 to 90 |j,m in 
diameter and 30 to 35 \im in height, and the other being 40 to 45 ^m in diameter and 30 to 35 
|j,m in height. 

Please replace paragraph [0034] as follows: 

[0034] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the base consists of a ceramic composite substrate. 
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Please replace paragraph [0035] as follows: 

[0035] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the plurality of bumps formed on the semiconductor 
integrated circuit are Au bumps. 

Please replace paragraph [0036] as follows: 

[0036] In another exemplary embodiment of the present invention, in the 
piezoelectric device described above, the longitudinal direction of the electrode pattern on the 
base and a vibration direction of ultrasonic waves applied to the semiconductor integrated 
circuit are the same. 

Please replace paragraph [0037] as follows: 

[0037] In another exemplary embodiment of the present invention, the piezoelectric 
device described above includes the semiconductor integrated circuit and the piezoelectric 
resonator element in included in the package, wherein a vibration direction of ultrasonic 
waves for ultrasonic bonding and for forming bumps on the semiconductor integrated circuit 
and a vibration direction of ultrasonic waves for performing ultrasonic bonding of the 
semiconductor integrated circuit to the package are different from each other. 

Please replace paragraph [0038] as follows: 

[0038] Another exemplary embodiment of the present invention is a method for 
manufacturing a piezoelectric device including a semiconductor integrated circuit and a 
piezoelectric resonator element included in a package, the method may include: a step of 
forming a metallic bump on the semiconductor integrated circuit; a step of connecting the 
semiconductor integrated circuit on which the metallic bump is formed to the base by 
ultrasonic bonding; a step of detecting a height direction of the semiconductor integrated 
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circuit during the ultrasonic bonding; a step of mounting the piezoelectric resonator element; 
and a step of hermetically sealing a metallic lid to the base. 
Please replace paragraph [0039] as follows: 

[0039] Another exemplary embodiment of the present invention is a method for 
manufacturing a piezoelectric device including a semiconductor integrated circuit and a 
piezoelectric resonator element included in a package, the method may include: a step of 
forming a metallic bump on the semiconductor integrated circiiit; a step of connecting the 
semiconductor integrated circuit on which metallic bump is formed to the base by ultrasonic 
bonding; a step of detecting a height direction of the semiconductor integrated circuit during 
the ultrasonic bonding step; a step of filling an imderfiU material around the semiconductor 
integrated circuit so as to cover the entire semiconductor integrated circuit including a rear 
surface of the semiconductor integrated circuit; a step of motmting the piezoelectric resonator 
element; and a step of hermetically sealing a metallic lid to the base. 

Page 7, line 22, delete current paragraph and insert therefor: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Please replace paragraph [0040] as follows: 

[0040] Figs. 1(A)-(B) are structural diagrams of a piezoelectric device according to 
the present invention; 

Fig. 2 is a diagram illustrating the formation of a bump on a wafer of the piezoelectric 
device of the present invention; 

Fig. 3 is a diagram showing the shape of the bump of the piezoelectric device of the 
present invention; 

Fig. 4 is a diagram showing the shape of another bump of the piezoelectric device of 
the present invention; 
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Fig. 5 is a process diagram illustrating a flip-chip bonding process of the present 
invention; 

Fig. 6 is a stress distribution map according to FEM analysis; 

Fig. 7 is a structural diagram showing another embodiment of the present invention; 

Fig. 8 is a structural diagram showing another embodiment of the present invention; 

Fig. 9 is a structural diagram showing another embodiment of the present invention; 

Figs. 10(A)-(B) are a plan view and a front view, respectively, showing another 
embodiment of the present invention; 

Figs. 1 1 (A)-(B) are a plan view and a front view, respectively, showing another 
embodiment of the present invention; 

Fig. 12 is a structural diagram showing another embodiment of the present invention; 

Fig. 13 is a structural diagram showing a cross-section of a bonded portion of the 
present invention; 

Fig. 14 is a structural diagram showing yet another embodiment of the quartz crystal 
oscillator of the present invention; 

Fig. 15 is an enlarged plan view showing a structure of a portion AR in Fig. 14; and 
Figs. 16(A)-(B) are structural diagrams of a conventional piezoelectric device. 
Page 8, line 25, delete current paragraph and insert therefor: 

DETAILED DESCRIPTION OF PREFERRED EMBODEVIENTS 
Please replace paragraph [0043] as follows: 

[0043] Figs. 1(A)-(B) are structural diagrams of a surface-mount type quartz crystal 
oscillator according to an embodiment of the present invention. 
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Please replace paragraph [0044] as follows: 

[0044] As shown in a plan view of Fig. 1(A) and in a front view of Fig. 1(B), on a 
first layer of a base 1 consisting of a ceramic insulating substrate having at least three layers 
and a seal ring of Fe-Ni alloy or the like, stamped to a frame shape, an electrode pattern 3 for 
forming a connection with a semiconductor integrated circuit (IC chip: hereinafter referred to 
as the IC chip) 2 is metalhzed by means of printing by using metal wiring material such as W 
(tungsten). Mo (molybdenum). On the top thereof, Ni plating and Au plating, etc., are 
provided. 

Please replace paragraph [0058] as follows: 

[0058] The wafer IC chip 2 is picked up by a nozzle such as an inverted pyramidal 
collet, is turned over, and is passed on to an nozzle tip of an ulfrasonic horn. Then, the IC 
chip 2 is aligned and is chip-mounted on a mounting area of the base 1 with high precision by 
a system such as an image recognition system provided in the flip-chip bonding apparatus. 

Please replace paragraph [0066] as follows: 

[0066] As shown in Figs. 1(A)-(B), a configuration in which an opeiung 16 is 
formed in the center of the base 1 and the IC chip 2 is moimted in the center of the opening 
16 is employed. Thus, when the quartz crystal oscillator 13 is exposed to sfress, by this 
configm-ation, the sfress is evenly appKed to the IC chip 2, preventing the sfress from 
concenfrating in a specific portion. 

Please replace paragraph [0077] as follows: 

[0077] As shown in Figs. 1(A)-(B), the AT-cut quartz crystal resonator 6 is 
connected and fixed by the conductive adhesive 9 to mounting electrodes 21 and 22 of the 
mounting portion 8 provided in the second layer 5 of the base 1. 
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Please replace paragraph [0089] as follows: 

[0089] Furthermore, in order for the xinderfill material 23 to properly permeate to 
the bonded portion of the bumps 4, the second layer 5 on which the AT-cut quartz crystal 
resonator 6 is mounted may include two layers, i.e., a first layer 24 and a second layer 25. 
The opening portion of the first layer 24 is formed to be larger than the opening portion of the 
second layer 25. By forming the second layer 25 in such a manner, the underfill material 23 
properly permeates to the bonded portion of the bumps 4 and a highly reliable bonding 
structure is obtained. 

Please replace paragraph [0107] as follows: 

[0107] In this embodiment, the vibration direction US2 of the ultrasonic waves for 
ultrasonic bonding and for forming bumps on the IC chip 2 shown in Fig. 15, and vibration 
direction USl of the ultrasonic waves for performing a ultrasonic bonding of the IC chip 2 
and the base 1 shown in Fig. 14 are set to be different, preferably, in directions which differ 
from one another by 90 degrees. 
IN THE CLAIMS : 

Please replace claims 1-5, 7-17 and 19-30 as follows: 

1. (Amended) A piezoelectric device, comprising: 

a semiconductor integrated circuit having a plurality of bumps formed thereon; 

and 

a piezoelectric resonator element, the semiconductor integrated circuit and the 
piezoelectric resonator element being included in a package, 

the semiconductor integrated circuit being mounted in a center of an opening 
formed in a center of a base, and the semiconductor integrated circuit being connected to an 
input/output electrode pattern on the base through the plurality of bumps. 
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2. (Amended) The piezoelectric device according to claim 1, the pluraUty of 
bumps formed on the semiconductor integrated circuit being formed at regular intervals on a 
center portion of an active element surface of the semiconductor integrated circuit. 

3. (Amended) The piezoelectric device according to claim 1, the plurality of 
bumps formed on the semiconductor integrated circuit being concentrically formed about a 
center of an active element surface of the semiconductor integrated circuit. 

4. (Amended) The piezoelectric device according to claim 1, further comprising 
a dummy bump formed on an active element surface of the semiconductor integrated circuit. 

5. (Amended) The piezoelectric device according to claim 4, the dummy bvmip 
formed on the semiconductor integrated circuit being connected to the electrode pattern on 
the base. 

7. (Amended) The piezoelectric device according to claim 1, each of the 
plurality of bumps formed on the semiconductor integrated circuit being shaped to have two 
levels, a first level having a diameter 0.8 to 0.9 times and a second level having a diameter 
0.4 to 0.45 times a length of a side of an opening in a pad provided on an active element 
surface of the semiconductor integrated circuit. 

8. (Amended) The piezoelectric device according to claim 1, the base 
comprising a ceramic composite substrate. 

9. (Amended) The piezoelectric device according to claim 1, each of the 
plurality of bumps formed on the semiconductor integrated circuit being an Au bump. 

1 0. (Amended) The piezoelectric device according to claim 1 , a protrusion being 
formed in at least one side wall of the base facing the side of the semiconductor integrated 
circuit. 
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1 1 . (Amended) The piezoelectric device according to claim 1 0, the protrusion 
being formed in each of side walls of the base facing two sides along the longitudinal 
direction of the semiconductor integrated circuit. 

12. (Amended) The piezoelectric device according to claim 10, the protrusion 
formed in the side wall of the base having a substantially same height as, or is higher than, the 
semiconductor integrated circuit. 

13. (Amended) The piezoelectric device according to claim 10, wherein a gap 
between the protrusion formed in the side wall of the base and the semiconductor integrated 
circuit being set to a range between 0.05 and 0. 1 5 mm. 

14. (Amended) A piezoelectric device, comprising: 
a semiconductor integrated circuit; and 

a piezoelectric resonator element, the semiconductor integrated circuit and the 
piezoelectric resonator element being included in a package, 

a plurality of bumps being formed at two opposing sides of an active element 
surface of the semiconductor integrated circmt, the semiconductor integrated circuit being 
mounted in an opening formed in a center of a base, and the semiconductor integrated circuit 
being cormected to an input/output electrode pattern of the base through the plurahty of 
bumps. 

15. (Amended) The piezoelectric device according to claim 14, the plurality of 
bumps formed on the semiconductor integrated circuit being formed at regular intervals at a 
center portion of the active element surface of the semiconductor integrated circuit. 

16. (Amended) The piezoelectric device according to claim 14, further 
comprising a dummy bump formed on the active element surface of the semiconductor 
integrated circuit. 
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17. (Amended) The piezoelectric device according to claim 16, the dmnmy bump 
formed on the semiconductor integrated circuit being connected to the electrode pattern on 
the base. 

19. (Amended) The piezoelectric device according to claim 14, each of the 
plurality of bumps formed on the semiconductor integrated circuit being shaped to have two 
levels, a first level having a diameter 0.8 to 0.9 times and a second level having a diameter 
0.4 to 0.45 times the length of an opening in a pad provided on the active element surface of 
the semiconductor integrated circuit. 

20. (Amended) The piezoelectric device according to claim 14, the base 
comprising a ceramic composite substrate. 

21. (Amended) The piezoelectric device according to claim 14, the plurality of 
bumps formed on the semiconductor integrated circuit being Au bimips. 

22. (Amended) A piezoelectric device, comprising: 
a semiconductor integrated circuit; and 

a piezoelectric resonator element, the semiconductor integrated circuit and the 
piezoelectric resonator element being included in a package, 

a pluraUty of bumps being formed at two opposing sides of an active element 
surface of the semiconductor integrated circuit, the semiconductor integrated circuit being 
mounted in a center of an opening formed in a center of a base, and the semiconductor 
integrated circuit being connected to an input/output electrode pattern through the plurality of 
bumps by ultrasonic bonding. 

23. (Amended) The piezoelectric device according to claim 22, a vibration 
direction of ultrasonic waves appUed to the semiconductor integrated circuit being 
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perpendicular to two opposing sides of the active element surface of the semiconductor 
integrated circuit at which the plurality of bumps are formed. 

24. (Amended) The piezoelectric device according to claim 22, a printing 
direction of the electrode pattern on the base being the same as a vibration direction of 
ultrasonic waves applied to the semiconductor integrated circuit. 

25. (Amended) The piezoelectric device according to claim 22, each of the 
pluraHty of bumps formed on the semiconductor integrated circuit being shaped to have two 
levels, a first level having a diameter 0.8 to 0.9 times and a second level having a diameter 
0.4 to 0.45 times the length of an opening in a pad provided on the active element surface of 
the semiconductor integrated circuit. 

26. (Amended) The piezoelectric device according to claim 25, each of the 
plurality of bumps formed on the semiconductor integrated circuit being shaped to have two 
levels, a first level being 80 to 90 |am in diameter and 30 to 35 |j,m in height, and a second 
level being 40 to 45 fim in diameter and 30 to 35 |am in height. 

27. (Amended) The piezoelectric device according to claim 22, the base 
comprising a ceramic composite substrate. 

28. (Amended) The piezoelectric device according to claim 22, the plurality of 
bumps formed on the semiconductor integrated circuit being Au bxmips. 

29. (Amended) The piezoelectric device according to claim 22, a longitudinal 
direction of the electrode pattern on the base being the same as a vibration direction of 
ultrasonic waves applied to the semiconductor integrated circuit. 

30. (Amended) The piezoelectric device according to claim 22, 

a vibration direction of ultrasonic waves for ultrasonic bonding and for 
forming bumps on the semiconductor integrated circuit being different from a vibration 
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REMARKS 



Claims 1-32 are pending. By this Amendment, the specification and claims 1-5, 7-17 
and 19-30 are amended for further clarity. No new matter is added. 

The attached Appendix includes marked-up copies of each rewritten paragraph 
(37 C.F.R. 1.121(b)(iii)) and claim (37 C.F.R. 1.121(c)(ii)). 

In view of the foregoing amendments and remarks, Applicant submits that this 
application is in condition for initial examination. Favorable reconsideration and prompt 
allowance are earnestly solicited. 

Should the Examiner believe that anything further would be desirable in order to place 
this application in better condition for allowance, the Examiner is invited to contact 
Applicant's undersigned representative at the telephone number listed below. 
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Attachments: 

Substitute Abstract 
Appendix 
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ABSTRACT OF THE DISCLOSURE 
An opening is formed in the center of a base on which an input/output electrode 
pattern is formed. Meanwhile, a plurahty of bumps are formed on two opposing, sides of an 
active element surface of the semiconductor integrated circuit so as to mount the 
semiconductor integrated circuit in the center of the opening. The semiconductor integrated 
circuit is connected to the electrode pattern on the base through the plurality of bumps by 
ultrasonic bonding. In this way, a small and thin piezoelectric device which has superior 
bonding characteristics of the semiconductor integrated circuit and the base, which are 
subjected to flip-chip bonding, and which endures mechanical shock, thermal stress, etc., can 
be obtained at reduced cost. 
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APPENDIX 

Changes to Specification: 

Page 2, line 22, is deleted. 

Page 2, after paragraph [0005], a new heading is added. 

The following are marked-up versions of the amended paragraphs: 

Page 1, lines 1-4: 

DESCPJPTION 

PIEZOELECTRIC DEVICE AND METHOD FOR MANUFACTURING THE 
SAME 

BACKGROUND OF THE INVENTION 
Tnnhnirnl Fiold l . Field of the Invention 

Page 1, line 8: 
Unrlrgrniind Art 2. Description of Related Art 

[0008] One exemplary embodiment of the ^ I^presenlinvention in claim 1 is a 
piezoelectric device compriaing including a semiconductor integrated chrcuit and a 
piezoelectric resonator element both included in a package, wherein an opening is formed in 
the center of a base provided with an input/output electrode pattern, the semiconductor 
integrated circuit is mounted in the center of the opening, and the semiconductor integrated 
circuit is connected to the electrode pattern on the base through a plurality of bumps. 

[0009] In another exemplary embodiment of the i ^presenlinvention^ in claim 2 i 
arthe piezoelectric device described above, aooording to claim 1, v . ^horein t he plurality of 
bumps formed on the semiconductor integrated circuit are formed at regular intervals on the 
center portion of an active element surface of the semiconductor integrated circuit. 
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[0010] In another exemplary embodiment of the ¥be -present invention, in claim 3 io 
a-the piezoelectric device according to claim 1 described above , wh e r e in t he pluraHty of 
bumps formed on the semiconductor integrated circuit are concentrically formed about the 
center of an active element surface of the semiconductor integrated circuit. 

[001 1] In another exemplary embodiment of the ¥ be-present invention^ in claim 1 is 
»-the piezoelectric devic e according to claim 1 described above, wh e r e in a dummy bump is 
formed on the active element surface of the semiconductor integrated circuit. 

[0012] In another exemplary embodiment of the ¥ h» -present i nvention, in claim 5 a 
the piezoelectric devic e according to claim A described above, w^h e rein the dummy bump 
formed on the semiconductor integrated circuit is connected to the electrode pattern on the 
base. 

[001 3] In another exemplary embodiment of the ^ Bbe- present invention, in claim 6 io 
ar -the p iezoelectric device according to claim 1. described above further comprising includes a 
layered part, which siirrounds the semiconductor integrated circuit, for moimting the 
piezoelectric resonator, the layered part comprising i ncluding at least two layers, including a 
first layer and a second layer, wherein an opening of the first layer is formed to be larger than 
an opening of the second layer. 

[0014] In another exemplary embodiment of the present r fee-invention, in claim 7 is 
arthe piezoelectric Hevirp . nrnnrding to claim 1 described above, whoroin each of the plurality 
of bumps formed on the semiconductor integrated circuit is shaped to have two levels, one 
having a diameter 0.8 to 0.9 times and the other having a diameter 0.4 to 0.45 times the 
length of a side of an opening in a pad provided on an active element surface of the 
semiconductor integrated circuit. 
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[0015] In another exemplary embodiment of the present ¥ be-invention, in claim S io 
a-the piezoelectric device according to claim 1 described above, wh e r e in the base compris e s 
may consist of a ceramic composite substrate. 

[001 6] In another exemplary embodiment of the present ¥be-invention, in claim 9 io 
a -the p iezoelectric device according to claim 1 described above , wh e r e in each of the pluraUty 
of bumps formed on the semiconductor integrated circuit is an Au bump. 

[0017] In another exemplary embodiment of the present ¥ ke-invention, in claim 10 
ts-a -the p iezoelectric device according to claim 1 described above, wh e r e in a protrusion is 
formed in at least one side wall of the base facing the side of the semiconductor integrated 
circuit. 

[001 8] In another exemplary embodiment of the present ^ Bte-invention, in claim 11 
ts-flr -the p iezoelectric device according to claim 10 described above , wh e r e in the protrusion is 
formed in each of the side walls of the base facing the two sides along the longimdinal 
direction of the semiconductor integrated circuit. 

[0019] In another exemplary embodiment of the present ^ ¥he-invention, in claim 12 
i& ^the p iezoelectric devic e according to claim 10 described above , wh e r e in t he protrusion 
formed in the side wall of the base has substantially the same height as, or is higher than, the 
semiconductor integrated circuit. 

[0020] In another exemplary embodiment of the present T he-invention, in claim 13 
is-a-the piezoelectric device according to claim 10 described above, wh e r e in a gap between 
the protrusion formed in the side wall of the base and the semiconductor integrated circuit is 
set to a range between 0.05 and 0.15 mm. 

[0021] Another exemplary embodiment of the present 3 ^invention in claim 1 1 is a 
piezoelectric device comprioing i ncluding a semiconductor integrated circuit and a 
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piezoelectric resonator element included in a package, wherein an opening is formed in the 
center of a base provided with an input/output electrode pattern, a plurality of bumps are 
formed at two opposing sides of an active element surface of the semiconductor integrated 
circuit, the semiconductor integrated circuit is mounted in the opening, and the semiconductor 
integrated circuit is connected to the electrode pattern of the base through the plurality of 
biraips. 

[0022] In another exemplary embodiment of the present ¥ be-invention. in claim 15 
ts ^the p iezoelectric device according to claim 1 4 described above, wher e in the plurality of 
bimips formed on the semiconductor integrated circuit are formed at regular intervals at the 
center portion of the active element surface of the semiconductor integrated circuit. 

[0023] In another exemplary embodiment of the present ^ ?be-invention. in claim 16 
is-a rthe p iezoelectric devic e according to claim 1 ^ described above, wh e r e in a dummy bimip 
is formed on the active element siirface of the semiconductor integrated circuit. 

[0024] In another exemplary embodiment of the present ^ H^invention. in claim 17 
is-a -the p iezoelectric device according to claim 16 described above, wh e r e in t he dummy 
bump formed on the semiconductor integrated circuit is connected to the electrode pattern on 
the base. 

[0025] In another exemplary embodiment of the present ¥ be-invention. in claim 1 8 
is-a-the piezoelectric device according to claim 1 4 described above, further includes 
comprising a layered part on which the piezoelectric resonator is mounted and which 
surrounds the semiconductor integrated circuit, the layered part compriGing i ncluding at least 
two layers including a first layer and a second layer, wherein an opening of the first layer is 
formed to be larger than an opening of the second layer. 
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[0026] In another exemplary embodiment of the present : fte-invention, in claim 19 
is-a-the piezoelectric Hevic e .iccording to claim I'l described above, wh e r e in each of the 
plurality of bumps formed on the semiconductor integrated circuit is shaped to have two 
levels, one having a diameter 0.8 to 0.9 times and the other having a diameter 0.4 to 0.45 
times the length of an opening in a pad provided on the active element surface of the 
semiconductor integrated circuit. 

[0027] In another exemplary embodiment of the present ¥ be-invention^ in claim 20 
is-a ^the p iezoelectric devir.e nocording to claim I'l described above , wher e in the base 
rnmprioes includes a ceramic composite substrate. 

[0028] In another exemplary embodiment of the present ¥ be-invention^ in claim 21 
is-a-the piezoelectric Hf^vir.p . nrnnrding tn claim 11 described above, whoroin the pluraUty of 
bumps formed on the semiconductor integrated circuit are Au bumps. 

[0029] Another exemplary embodiment of the present S ^e-invention in claim 22 is a 
piezoelectric device comprioing including a semiconductor integrated circuit and a 
piezoelectric resonator element included in a package, wherein an opening is formed in the 
center of a base provided with an input/output electrode pattern is formed, a plurality of 
bumps are formed at two opposing sides of an active element surface of the semiconductor 
integrated circuit, the semiconductor integrated circuit is moimted in the center of the 
opening, and the semiconductor integrated circuit is connected to the electrode pattern 
through the plurality of bumps by ultrasonic bonding-4seas&. 

[0030] In another exemplary embodiment of the present ^ fbe-invention, in claim 23 
ts-frthe piezoelectric Hftvir.p . nr.c.nnMn^ tn claim 22 described above, wherein a vibration 
direction of ultrasonic waves applied to the semiconductor integrated circuit is perpendicular 
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to the two opposing sides of the active element surface of the semiconductor integrated circuit 
at which the plurality of bumps are formed. 

[0031] In another exemplary embodiment of the present ¥ he-invention, in claim 24 
is-a -the piezoelectric device according to claim 22 described above, wh e r e in a printing 
direction of the electrode pattern on the base and a vibration direction of ultrasonic waves 
applied to the semiconductor integrated circuit are the same. 

[0032] In another exemplary embodiment of the present ¥ be-invention, in claim 25 
is-arthe piezoelectric device according to claim 22 described above, wh e r e in each of the 
pliurality of bumps formed on the semiconductor integrated circuit is shaped to have two 
levels, one having a diameter 0.8 to 0.9 times and the other having a diameter 0.4 to 
0.45 times the length of an opening in a pad provided on the active element surface of the 
semiconductor integrated circuit. 

[0033] In another exemplary embodiment of the present ¥ be-invention. in claim 26 
jg-a-the piezoelectric device according to claim 25 described above, wh e r e in each of the 
plurality of bumps formed on the semiconductor integrated circuit is shaped to have two 
levels, one being 80 to 90 \im in diameter and 30 to 35 |im in height, and the other being 40 
to 45 |im in diameter and 30 to 35 j^m in height. 

[0034] In another exemplary embodiment of the present ^ H=te-invention. in claim 27 
k-a -the p iezoelectric device according to claim 22 described above, wh e r e in t he base 
oompriGeo consists of a ceramic composite substrate. 

[0035] In another exemplary embodiment of the present ¥ he-invention, in claim 28 
ifra -the p iezoelectric device according to claim 22 described above, wh e r e in t he plurality of 
bumps formed on the semiconductor integrated circuit are Au bumps. 
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[ 003 6] In another exemplary embodiment of the present T be-invention. in claim 29 
46-a -the p iezoelectric device according to claim 22 described above, wh e rein t he longitudinal 
direction of the electrode pattern on the base and a vibration direction of ultrasonic waves 
applied to the semiconductor integrated circuit are the same. 

[0037] In another exemplary embodiment of the present ¥ be-invention. in claim 30 
jgha -the p iezoelectric device according to claim 22. compriGing described above includes the 
semiconductor integrated circuit and the piezoelectric resonator element in included in the 
package, wherein a vibration direction of ultrasonic waves for ultrasonic bonding and for 
forming bumps on the semiconductor integrated circuit and a vibration direction of ultrasonic 
waves for performing ultrasonic bonding of the semiconductor integrated circuit to the 
package are different from each other. 

[0038] Another exemplary embodiment of the present j ^invention in claim 3 1 is a 
method for manufacturing a piezoelectric device comprioinG i ncluding a semiconductor 
integrated circuit and a piezoelectric resonator element included in a package, the method 
may include: comprioing: a step of forming a metallic bump on the semiconductor integrated 
circuit; a step of connecting the semiconductor integrated circuit on which the metallic bump 
is formed to the base by ultrasonic bonding; a step of detecting a height direction of the 
semiconductor integrated circuit during the ultrasonic bonding; a step of mounting the 
piezoelectric resonator element; and a step of hermetically sealing a metallic Hd to the base. 

[0039] Another exemplary embodiment of the present ^ Fbe-invention in claim 32 i s a 
method for manufacturing a piezoelectric device oomprising i ncluding a semiconductor 
integrated circuit and a piezoelectric resonator element included in a package, the method 
comprioin g may include : a step of forming a metallic bump on the semiconductor integrated 
circuit; a step of coimecting the semiconductor integrated circuit on which metallic bump is 
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formed to the base by ultrasonic bonding; a step of detecting a height direction of the 
semiconductor integrated circuit during the ultrasonic bonding step; a step of filling an 
underfill material around the semiconductor integrated circuit so as to cover the entire 
semiconductor integrated circuit including a rear surface of the semiconductor integrated 
circuit; a step of mounting the piezoelectric resonator element; and a step of hermetically 
sealing a metallic lid to the base. 

Page 7, line 22: 
Bri e f D e scription of the Drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] Figs. l(A)-(B) are Fig. 1 is a structural diagrams diagram of a piezoelectric 
device according to the present invention; 

Fig. 2 is a diagram illustrating the formation of a biraip on a wafer of the piezoelectric 
device of the present invention; 

Fig. 3 is a diagram showing the shape of the bump of the piezoelectric device of the 
present invention; 

Fig. 4 is a diagram showing the shape of another bump of the piezoelectric device of 
the present invention; 

Fig. 5 is a process diagram illustrating a flip-chip bonding process of the present 
invention; 

Fig. 6 is a stress distribution map according to FEM analysis; 

Fig. 7 is a structural diagram showing another embodiment of the present invention; 

Fig. 8 is a structural diagram showing another embodiment of the present invention; 

Fig. 9 is a structural diagram showing another embodiment of the present invention; 

Figs. IQCAVrB') are F ig. 10 is a plan view and a front vie w, respectively, showmg 
another embodiment of the present invention; 

Figs. llfAVrB) are F ig. 11 is a plan view and a front vie w, respectively, showing 
another embodiment of the present invention; 
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Fig. 12 is a structural diagram showing another embodiment of the present invention; 
Fig. 13 is a structural diagram showing a cross-section of a bonded portion of the 
present invention; 

Fig. 14 is a structural diagram showing yet another embodiment of the quartz crystal 
oscillator of the present invention; 

Fig. 15 is an enlarged plan view showing a structure of a portion AR in Fig. 14; and 

Figs. 16(A)-(B) are F ip. 16 io a structural diagrams diapram of a conventional 
piezoelectric device. 

Page 8, line 25: 

BeGt Modo for Carrying Out th e Inv e ntion 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0043] Fig. 1 is a F igs. irAV(B) are structural diagram d iagrams of a surface-mount 
type quartz crystal oscillator according to an embodiment of the present invention. 

[0044] As shown in a plan view of Fig. 1(A) and in a front view of Fig. 1(B), on a 
first layer of a base 1 comprising c onsisting of a ceramic insulating substrate having at least 
three layers and a seal ring of Fe-Ni alloy or the like, stamped to a frame shape, an electrode 
pattern 3 for forming a connection with a semiconductor integrated circuit (IC chip: 
hereinafter referred to as the IC chip) 2 is metallized by means of printing by using metal 
wiring material such as W (tungsten). Mo (molybdenum). On the top thereof, Ni plating and 
Au plating, etc., are provided. 

[0058] The wafer IC chip 2 is picked up by a nozzle such as an inverted pyramidal 
coll e t . collet is turned over, and is passed on to an nozzle tip of an ultrasonic horn. Then, 
the IC chip 2 is aligned and is chip-moimted on a mounting area of the base 1 with high 
precision by a system such as an image recognition system provided in the flip-chip bonding 
apparatus. 
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[0066] As shown in Fig. 1, Figs. 1("A)-("B'). a configuration in which an opening 1 6 
is formed in the center of the base 1 and the IC chip 2 is mounted in the center of the 
opening 16 is employed. Thus, when the quartz crystal oscillator 13 is exposed to stress, by 
this configuration, the stress is evenly applied to the IC chip 2, preventing the stress fi-om 
concentrating in a specific portion. 

[0077] As shown in Fi - g h- W - F igs. UA^-fB). the AT-cut quartz crystal resonator 6 is 
connected and fixed by the conductive adhesive 9 to mounting electrodes 21 and 22 of the 
mounting portion 8 provided in the second layer 5 of the base 1. 

[0089] Furthermore, in order for the underfill material 23 to properly permeate to 
the bonded portion of the bumps 4, the second layer 5 on which the AT-cut quartz crystal 
resonator 6 is mounted comprises may include t wo layers, i.e., ^^-a -a first layer 24 (first layer) 
and a b -second layer 25 (s e cond lay e r). The opening portion of the a rfirst layer 24 is formed 
to be larger than the opening portion of the b -second layer 25. By forming the second 
layer S 25 in such a manner, the underfill material 23 properly permeates to the bonded 
portion of the bumps 4 and a highly reliable bonding structure is obtained. 

[0107] In this embodiment, the vibration direction US2 of the ultrasonic waves for 
ultrasonic bonding and for forming bumps on the IC chip 2 shown in Fig. 15, and vibration 
direction US 1 of the ultrasonic waves for performing a ultrasonic bonding of the IC chip 2 
and the base 1 shown in Fig. 14 are set to be different, preferably, in directions which differ 
fi-om one another by 90 degrees. 
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Changes to Claims: 



The following are marked-up versions of the amended claims: 



1. 



(Amended) A piezoelectric device, comprising: 



a semiconductor integrated circui t having a plurality of bumps formed thereon : 



and 



a piezoelectric resonator element , the semiconductor integrated circuit and the 



piezoelectric resonator element being - feefe-included in a package, 



wh e r e in an op e ning io form e d in a cent e r of a bas e provid e d with 




irthe semiconductor integrated circuit is -being m ounted in a 



center of an openin g formed in a center of a base, and the semiconductor integrated circuit is 
being connected to an input/output electrode pattern on the base through a -the p lurality of 
bimips. 

2. (Amended) T he piezoelectric device according to claim 1, wh e r e in the 
plurality of bumps formed on the semiconductor integrated circuit age -being formed at regular 
intervals on a center portion of an active element surface of the semiconductor integrated 
circuit. 

3. (Amended) T he piezoelectric device according to claim 1, wh e r e in t he 
plurality of btmips formed on the semiconductor integrated circuit age -being concentrically 
formed about a center of an active element surface of the semiconductor integrated circuit. 

4. (Amended) The piezoelectric device according to claim 1, wherein further 
comprising a dummy bump is-formed on an active element surface of the semiconductor 
integrated circuit. 
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5. ^Amended) The piezoelectric device according to claim 4, wh e r e in the 
dummy bump formed on the semiconductor integrated circuit ifr -being connected to the 
electrode pattern on the base. 

7. (Amended^ T he piezoelectric device according to claim 1 , wh e r e in each of the 
plurality of bumps formed on the semiconductor integrated circuit is -being shaped to have 
two levels, a first level e ae-having a diameter 0.8 to 0.9 times and th e oth e r a second level 
having a diameter 0.4 to 0.45 times a length of a side of an opening in a pad provided on an 
active element surface of the semiconductor integrated circuit. 

8. (Amended') The piezoelectric device according to claim 1 , wherein the base 
comprio e s comprising a ceramic composite substrate. 

9. (Amended) The piezoelectric device according to claim 1 , wh e rein each of the 
plurality of bumps formed on the semiconductor integrated circuit is -being an Au bump. 

1 0. (Amended) T he piezoelectric device according to claim 1 , wh e r e in a 
protrusion t& -being formed in at least one side wall of the base facing the side of the 
semiconductor integrated circuit. 

1 1 . (Amended) The piezoelectric device according to claim 10, wh e r e in t he 
protrusion i&-being_formed in each of side walls of the base facing two sides along the 
longitudinal direction of the semiconductor integrated circuit. 

12. (Amended) T he piezoelectric device according to claim 10, wher e in the 
protrusion formed in the side wall of the base bas -having a substantially same height as, or is 
higher than, the semiconductor integrated circuit. 

13. (Amended) The piezoelectric device according to claim 10, wherein a gap 
between the protrusion formed in the side wall of the base and the semiconductor integrated 
circuit k -being set to a range between 0.05 and 0.15 mm. 
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14. rAmended) A piezoelectric device, comprising: 
a semiconductor integrated circuit; and 

a piezoelectric resonator element , the semiconductor integrated circuit and the 
piezoelectric resonator element being included in a package, 

v i ^h e r e in an op e ning is formed in th e c e nter of a bas e provided with on 
input/output oleotrod e patt e rn, a plurality of bumps ^=e -being formed at two opposing sides of 
an active element surface of the semiconductor integrated circuit, the semiconductor 
integrated circuit ts -being moimted in an openin g formed in a center of a base, and the 
semiconductor integrated circuit is -being connected to an input/output electrode pattern of the 
base through the pluraUty of bumps. 

15. (Amended) The piezoelectric device according to claim 14, wh e r e in - t he 
plurality of bumps formed on the semiconductor integrated circuit a^e -being formed at regular 
intervals at a center portion of the active element surface of the semiconductor integrated 
circuit. 

16. (Amended) T he piezoelectric device according to claim 14, wh e r e in further 
comprising a dummy bump is-formed on the active element surface of the semiconductor 
integrated circuit. 

17. (Amended) The piezoelectric device according to claim 16, wh e r e in t he 
dummy bump formed on the semiconductor integrated circuit is -being connected to the 
electrode pattern on the base. 

1 9. (Amended) T he piezoelectric device according to claim 14, wh e r e in- each of 
the plurahty of bumps formed on the semiconductor integrated circuit i& -being shaped to have 
two levels, eae -a first level h aving a diameter 0.8 to 0.9 times and the oth e r a second level 
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having a diameter 0.4 to 0.45 times the length of an opening in a pad provided on the active 
element surface of the semiconductor integrated circuit. 

20. (Amended) T he piezoelectric device according to claim 14, wher e in t he base 
cnmprio e s comprising a ceramic composite substrate. 

21 . (Amended) The piezoelectric device according to claim 14, whoroin t he 
plurahty of bumps formed on the semiconductor integrated circuit a^e-being Au bumps. 

22. (Amended) A piezoelectric device, comprising: 
a semiconductor integrated circuit; and 

a piezoelectric resonator element , the semicondu ctor integrated circuit and the 
piezoelectric resonator element being included in a package, 

whoroin an op e ning is formed in th e oontor of a baao providod with an 
input^output oloctrodo pattern, a plurality of bumps afe-beisg-formed at two opposing sides of 
an active element surface of the semiconductor integrated circuit, the semiconductor 
integrated circuit is -being m ounted in a center of an opening formed in a center of a base, and 
the semiconductor integrated circuit is -being connected to an input/output electrode pattern 
through the plurality of bumps by ultrasonic bonding-Bieais. 

23. (Amended) T he piezoelectric device according to claim 22, wher e in a 
vibration direction of ultrasonic waves applied to the semiconductor integrated circuit is 
being p erpendicular to two opposing sides of the active element surface of the semiconductor 
integrated circuit at which the pluraHty of bumps are formed. 

24. (Amended) T he piezoelectric device according to claim 22 , wherein a printing 
direction of the electrode pattern on the base fmd-heing the same as a vibration direction of 
ultrasonic waves applied to the semiconductor integrated circui t aro tho oame . 
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25. (Amended) The piezoelectric device according to claim 22, wh e r e in each of 
the plurality of bumps formed on the semiconductor integrated circuit is -being shaped to have 
two levels, eee -a first level h aving a diameter 0.8 to 0.9 times and tho othor a second level 
having a diameter 0.4 to 0.45 times the length of an opening in a pad provided on the active 
element surface of the semiconductor integrated circuit. 

26. (Amended) T he piezoelectric device according to claim 25, wh e r e in each of 
the plurality of bumps formed on the semiconductor integrated circuit is -being shaped to have 
two levels, ea^ -a first level b eing 80 to 90 [im in diameter and 30 to 35 jim in height, and tbe 
fttbef -a second level b eing 40 to 45 jim in diameter and 30 to 35 (im in height. 

27. (Amended) T he piezoelectric device according to clarni 22, wh e r e in t he base 
compripeG comprising a ceramic composite substrate. 

28. (Amended) The piezoelectric device according to claim 22, wh e r e in t he 
plurality of bumps formed on the semiconductor integrated circuit af& -being A u bumps. 

29. (Amended) T he piezoelectric device according to claim 22, wher e in a 
longitudinal direction of the electrode pattern on the base afi4-being the same as a vibration 
direction of ultrasonic waves appHed to the semiconductor integrated circuit oro the oam e. 

30. (Amended) The piezoelectric device according to claim 22, oomprioing tho 
oomiconduotor intogratod circuit and tho piozooloctric rosonator olomont in inoludod in th e 

whoroin a vibration direction of ultrasonic waves for ultrasonic bonding and 
for forming bumps on the semiconductor integrated circuit a»d-being different from a 
vibration direction of ultrasonic waves for performing ultrasonic bonding of the 
semiconductor integrated circuit to the package aro difforont from oaoh other . 
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DESCRIPTION 

PIEZOELECTRIC DEVICE AND METHOD FOR MANUFACTURING THE 
SAME 

Technical Field 

5 [0001] The present invention relates to a piezoelectric device in which a 

semiconductor integrated circuit and a piezoelectric resonator element are included in 
a package, and to a method for manufacturing the same. 
Background Art 

[0002] In recent years, hard disk drives (HDD), mobile computers, 

10 information apparatuses such as IC cards and portable communication apparatuses 
such as cellular phones, phones for automobiles have undergone dramatic 
miniaturization. Accordingly, piezoelectric devices such as piezoelectric oscillators, 
voltage-controlled oscillators (VCXO), temperature-compensated oscillators (TCXO), 
SAW oscillators, real time clock modules for use in these apparatuses are also 

15 required to be smaller and thirmer. Also, surface-mounting type piezoelectric devices 
capable of being mounted on both sides of the circuit board of the device are desired. 

[0003] An example of a conventional piezoelectric device will be explained 
using a quartz crystal oscillator shown in structural diagrams of Figs. 16(A) and 
16(B), the quartz crystal oscillator using a semiconductor integrated circuit of single- 

20 chip type having an oscillating circuit and an AT-cut quartz crystal resonator as a 
piezoelectric resonator element. 

[0004] In the conventional quartz crystal oscillator in Figs. 16(A) and 16(B), 
an IC chip 101 having an oscillating circuit is bonded and fixed by a conductive 
adhesive, etc., to the bottom face of a base 102 formed of a ceramic insulating 

25 substrate, is electrically connected by Au wire-bonding lines 103 to input/output 
electrodes 104 at the external periphery of the bottom face of the base 102. The 
input/output electrodes 104 are metallized by metal such as tungsten (W), 
molybdenum (Mo) and are plated in multiple layers by Ni plating and Au plating, etc. 
More specifically, a pluraHty of electrodes 108 are provided in the IC chip 101 and the 
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electrodes 108 are electrically connected to the above-described input/output 
electrodes 104, etc., by the wire-bonding lines 103. 

[0005] A rectangular-shaped AT-cut quartz crystal resonator 105 is 
electrically connected to a mounting portion 106 of the base 102 and is fixed thereto 
5 by a conductive adhesive or the like. A plated layer at the top portion of the base 102 
and a metallic lid 107 are connected by melting a metallic cladding material such as 
solder formed on the lid 107 at a high temperature so as to provide a hermetic seal, 
while maintaining an (nitrogen) atmosphere or to a vacuum atmosphere in the 
inner portion. 

10 [0006] The above-described conventional quartz crystal oscillator requires 

an area around the IC chip 101 for wiring the Au wire-bonding lines 103, and a 
sufficient height in the direction of the package thickness must be secured to 
accommodate the loops of the Au wire-bonding lines 103. Also, a gap must be 
provided between the Au wire-bonding lines 103 and the AT-cut quartz crystal 

15 resonator 105. Such a configuration prevents further miniaturization of quartz crystal 
oscillators. 

[0007] Objects of the present invention are to solve the above-described 
problems and to provide at reduced cost a small and thin piezoelectric device, such as 
a quartz crystal oscillator, which can withstand mechanical impacts and has a 

20 thickness of 1 mm or less, and to provide a method for manufacturing the 
piezoelectric device. 
Disclosure of Invention 

[0008] The invention in claim 1 is a piezoelectric device comprising a 
semiconductor integrated circuit and a piezoelectric resonator element both included 

25 in a package, wherein an opening is formed in the center of a base provided with an 
input/output electrode pattern, the semiconductor integrated circuit is mounted in the 
center of the opening, and the semiconductor integrated circuit is connected to the 
electrode pattern on the base through a plurality of biunps. 
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[0009] The invention in claim 2 is a piezoelectric device according to claim 
1, wherein the plurality of bumps formed on the semiconductor integrated circuit are 
formed at regular intervals on the center portion of an active element surface of the 
semiconductor integrated circuit. 
5 [0010] The invention in claim 3 is a piezoelectric device according to claim 

1, wherein the plurality of bumps formed on the semiconductor integrated circuit are 
concentrically formed about the center of an active element surface of the 
semiconductor integrated circuit. 

[001 1} The invention in claim 4 is a piezoelectric device according to claim 

10 1, wherein a dummy bump is formed on the active element surface of the 
semiconductor integrated circuit. 

[0012] The invention in claim 5 a piezoelectric device according to claim 4, 
wherein the dunamy bump formed on the semiconductor integrated circuit is 
connected to the electrode pattern on the base. 

15 [0013] The invention in claim 6 is a piezoelectric device according to claim 

1, further comprising a layered part, which surrounds the semiconductor integrated 
circuit, for mounting the piezoelectric resonator, the layered part comprising at least 
two layers, including a first layer and a second layer, wherein an opening of the first 
layer is formed to be larger than an opening of the second layer. 

20 [0014] The invention in claim 7 is a piezoelectric device according to claim 

1, wherein each of the plurality of bumps formed on the semiconductor integrated 
circuit is shaped to have two levels, one having a diameter 0.8 to 0.9 times and the 
other having a diameter 0.4 to 0.45 times the length of a side of an opening in a pad 
provided on an active element surface of the semiconductor integrated circuit. 

25 [0015] The invention in claim 8 is a piezoelectric device according to claim 

1, wherein the base comprises a ceramic composite substrate. 

[0016] The invention in claim 9 is a piezoelectric device according to claim 
1, wherein each of the plurality of bumps formed on the semiconductor integrated 
circuit is an Au bump. 
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[0017] The invention in claim 10 is a piezoelectric device according to claim 
1, wherein a protrusion is formed in at least one side wall of the base facing the side 
of the semiconductor integrated circuit. 

[0018] The invention in claim 11 is a piezoelectric device according to claim 
5 10, wherein the protrusion is formed in each of the side walls of the base facing the 
two sides along the longitudinal direction of the semiconductor integrated circuit. 

[0019] The invention in claim 12 is a piezoelectric device according to claim 
1 0, wherein the protrusion formed in the side wall of the base has substantially the 
same height as, or is higher than, the semiconductor integrated circuit. 
10 [0020] The invention in claim 13 is a piezoelectric device according to claim 

10, wherein a gap between the protrusion formed in the side wall of the base and the 
semiconductor integrated circuit is set to a range between 0.05 and 0.15 mm. 

[0021] The invention in claim 14 is a piezoelectric device comprising a 
semiconductor integrated circuit and a piezoelectric resonator element included in a 
1 5 package, wherein an opening is formed in the center of a base provided with an 

input/output electrode pattern, a plurality of bumps are formed at two opposing sides 
of an active element surface of the semiconductor integrated circuit, the 
semiconductor integrated circuit is mounted in the opening, and the semiconductor 
integrated circuit is connected to the electrode pattern of the base through the plurality 
20 of bumps. 

[0022] The invention in claim 15 is a piezoelectric device according to claim 
14, wherein the plurality of bumps formed on the semiconductor integrated circuit are 
formed at regular intervals at the center portion of the active element surface of the 
semiconductor integrated circuit. 
25 [0023] The invention in claim 16 is a piezoelectric device according to claim 

14, wherein a dummy bump is formed on the active element surface of the 
semiconductor integrated circuit. 
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[0024] The invention in claim 1 7 is a piezoelectric device according to claim 
16, wherein the dummy bump formed on the semiconductor integrated circuit is 
connected to the electrode pattern on the base. 

[0025] The invention in claim 1 8 is a piezoelectric device according to claim 
5 14, further comprising a layered part on which the piezoelectric resonator is mounted 
and which surrounds the semiconductor integrated circuit, the layered part comprising 
at least two layers including a first layer and a second layer, wherein an opening of the 
first layer is formed to be larger than an opening of the second layer. 

[0026] The invention in claim 19 is a piezoelectric device according to claim 
10 14, wherein each of the plurality of bumps formed on the semiconductor integrated 
circuit is shaped to have two levels, one having a diameter 0.8 to 0.9 times and the 
other having a diameter 0.4 to 0.45 times the length of an opening in a pad provided 
on the active element surface of the semiconductor integrated circuit. 

[0027] The invention in claim 20 is a piezoelectric device according to claim 
15 14, wherein the base comprises a ceramic composite substrate. 

[0028] The invention in claim 21 is a piezoelectric device according to claim 
14, wherein the plurality of bumps formed on the semiconductor integrated circuit are 
Au bumps. 

[0029] The invention in claim 22 is a piezoelectric device comprising a 
20 semiconductor integrated circuit and a piezoelectric resonator element included in a 
package, wherein an opening is formed in the center of a base provided with an 
input/output electrode pattern is formed, a plurality of bumps are formed at two 
opposing sides of an active element surface of the semiconductor integrated circuit, 
the semiconductor integrated circuit is motmted in the center of the opening, and the 
25 semiconductor integrated circuit is coimected to the electrode pattern through the 
plurality of bmnps by ultrasonic bonding means. 

[0030] The invention in claim 23 is a piezoelectric device according to claim 
22, wherein a vibration direction of ultrasonic waves applied to the semiconductor 
integrated circuit is perpendicular to the two opposing sides of the active element 
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surface of the semiconductor integrated circuit at which the plurality of bumps are 
formed. 

[0031] The invention in claim 24 is a piezoelectric device according to claim 
22, wherein a printing direction of the electrode pattern on the base and a vibration 
5 direction of ultrasonic waves applied to the semiconductor integrated circuit are the 
same. 

[0032] The invention in claim 25 is a piezoelectric device according to claim 
22, wherein each of the plurality of bumps formed on the semiconductor integrated 
circuit is shaped to have two levels, one having a diameter 0.8 to 0.9 times and the 
10 other having a diameter 0.4 to 0.45 times the length of an opening in a pad provided 
on the active element surface of the semiconductor integrated circuit. 

[0033] The invention in claim 26 is a piezoelectric device according to claim 
25, wherein each of the plurality of bxmips formed on the semiconductor integrated 
circuit is shaped to have two levels, one being 80 to 90 \xm in diameter and 30 to 35 
15 fa,m in height, and the other being 40 to 45 |j,m in diameter and 30 to 35 fim in height. 

[0034] The invention in claim 27 is a piezoelectric device according to claim 
22, wherein the base comprises a ceramic composite substrate. 

[0035] The invention in claim 28 is a piezoelectric device according to claim 
22, wherein the plurality of bumps formed on the semiconductor integrated circuit are 
20 Au bumps. 

[0036] The invention in claim 29 is a piezoelectric device according to claim 
22, wherein the longitudinal direction of the electrode pattern on the base and a 
vibration direction of ultrasonic waves applied to the semiconductor integrated circuit 
are the same. 

25 [0037] The invention in claim 30 is a piezoelectric device according to claim 

22, comprising the semiconductor integrated circuit and the piezoelectric resonator 
element in included in the package, wherein a vibration direction of ultrasonic waves 
for ultrasonic bonding and for forming bumps on the semiconductor integrated circuit 
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and a vibration direction of ultrasonic waves for performing ultrasonic bonding of the 
semiconductor integrated circuit to the package are different from each other. 

[0038] The invention in claim 3 1 is a method for manufacturing a 
piezoelectric device comprising a semiconductor integrated circuit and a piezoelectric 
5 resonator element included in a package, the method comprising: a step of forming a 
metallic bump on the semiconductor integrated circuit; a step of connecting the 
semiconductor integrated circuit on which the metallic bump is formed to the base by 
ultrasonic bonding; a step of detecting a height direction of the semiconductor 
integrated circuit during the ultrasonic bonding; a step of mounting the piezoelectric 

10 resonator element; and a step of hermetically sealing a metallic lid to the base. 

[0039] The invention in claim 32 is a method for manufacturing a 
piezoelectric device comprising a semiconductor integrated circuit and a piezoelectric 
resonator element included in a package, the method comprising: a step of forming a 
metallic bump on the semiconductor integrated circuit; a step of connecting the 

1 5 semiconductor integrated circuit on which metallic bump is formed to the base by 
ultrasonic bonding; a step of detecting a height direction of the semiconductor 
integrated circuit during the ultrasonic bonding step; a step of filling an underfill 
material around the semiconductor integrated circuit so as to cover the entire 
semiconductor integrated circuit including a rear surface of the semiconductor 

20 integrated circuit; a step of mounting the piezoelectric resonator element; and a step of 
hermetically sealing a metallic lid to the base. 
Brief Description of the Drawings 

[0040] Fig. 1 is a structural diagram of a piezoelectric device according to 
the present invention; 

25 Fig. 2 is a diagram illustrating the formation of a bump on a wafer of the 

piezoelectric device of the present invention; 

Fig. 3 is a diagram showing the shape of the bump of the piezoelectric device 
of the present invention; 
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Fig. 4 is a diagram showing the shape of another bump of the piezoelectric 
device of the present invention; 

Fig. 5 is a process diagram illustrating a flip-chip bonding process of the 
present invention; 

5 Fig. 6 is a stress distribution map according to FEM analysis; 

Fig. 7 is a structural diagram showing another embodiment of the present 
invention; 

Fig. 8 is a structural diagram showing another embodiment of the present 
invention; 

10 Fig. 9 is a structural diagram showing another embodiment of the present 

invention; 

Fig. 10 is a plan view and a front view showing another embodiment of the 
present invention; 

Fig. 11 is a plan view and a front view showing another embodiment of the 
1 5 present invention; 

Fig. 12 is a structural diagram showing another embodiment of the present 
invention; 

Fig. 13 is a structural diagram showing a cross-section of a bonded portion of 
the present invention; 

20 Fig. 14 is a structural diagram showing yet another embodiment of the quartz 

crystal oscillator of the present invention; 

Fig. 15 is an enlarged plan view showing a structure of a portion AR in Fig. 

14; and 

Fig. 16 is a structural diagram of a conventional piezoelectric device. 
25 Best Mode for Carrying Out the Invention 

[0041] The preferred embodiments of the present inventions will be 
described below with reference to the drawings. 

[0042] An embodiment of a piezoelectric device of the present invention is 
described with reference to the drawings, using as an example a quartz crystal 
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oscillator having a single-chip-type semiconductor integrated circuit having an 
oscillation circuit and an AT-cut quartz crystal resonator element as a piezoelectric 
resonator element. 
(EMBODIMENT 1) 

5 [0043] Fig. 1 is a structural diagram of a surface-mount type quartz crystal 

oscillator according to an embodiment of the present invention. 

[00441 As shown in a plan view of Fig. 1(A) and in a front view of Fig. 
1(B), on a first layer of a base 1 comprising a ceramic insulating substrate having at 
least three layers and a seal ring of Fe-Ni alloy or the like, stamped to a frame shape, 
10 an electrode pattern 3 for forming a connection with a semiconductor integrated 
circuit (IC chip: hereinafter referred to as the IC chip) 2 is metallized by means of 
printing by using metal wiring material such as W (tungsten). Mo (molybdenum). On 
the top thereof, Ni plating and Au plating, etc., are provided. 

[0045] On an electrode pad of the IC chip 2, a metallic bump 4 made of Au 
1 5 or the like is formed and, by a flip-chip bonding method, is connected to the electrode 
pattern 3 formed on the base 1 . Among various techniques of the flip-chip bonding 
method, the method employed in the present embodiment is one using ultrasonic 
waves to yield an Au-Au solid state bond. 

[0046] A supported portion 7 of an AT-cut quartz crystal resonator 6 is 
20 connected and fixed by a conductive adhesive 9 to a mounting portion 8 provided in a 
second layer 5 of the base 1. 

[0047] A metallic lid 1 1 is aligned with a seal ring 12 formed of an Fe-Ni 
alloy or the like die-cut into a frame shape, is fixed, and is hermetically sealed by 
seam welding. 

25 [0048] Accordingly, a small and thin surface-mounted package type quartz 

crystal oscillator 13 is obtained. 

[0049] Next, a bump forming process for forming the bump 4 made of Au or 
the like on the IC chip 2, and a flip-chip bonding process for connecting the IC chip 2 
to the electrode pattern 3 formed on the base 1 will be described in detail. 
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[0050] For example, as shown in Fig. 2, on pads 14 of the wafer IC chip 2 
which is 4 to 6 inches, a plurality of bumps 4 are formed by ultrasonic bump bonding 
using fine Au bonding lines each having a diameter of, for example, approximately 25 
to 35 [im. 

5 [0051] There are several possible shapes for the bump 4; in this 

embodiment, as shown in Fig. 3, the bump 4 having two levels is formed. 

[0052] When a side of a pad opening 15 of the pad 14 of the IC chip 2 has a 
length A, the bump 4 is shaped to have two levels, one having a diameter of 0.8A to 
0.9A, another having a diameter of 0.4A to 0.45 A. 

10 [0053] Described in terms of specific figures, when the length of one side of 

the pad opening 15 in the typical pad 14 is 100 jim, the bump 4 preferably has two 
levels, one being 80 to 90 fam in diameter and 30 to 35 fa,m in height, the other being 
40 to 45 |j,m in diameter and 30 to 35p,m in height. 

[0054] In order to form bumps on a number of (approximately several 

1 5 thousand) wafer IC chips 2, the working temperattire for forming the bumps is 

preferably low and, in this embodiment, the bumps are worked at a temperature of 
approximately 180°C. The experiments and evaluations regarding jointing strength 
and range of eutectic show that the preferable temperature is, for example, a 
temperature in a range of 180°C to 230°C. 

20 [0055] In order to improve the flatness of the tip portion of the second stage 

of the bump 4, the tip portion of the bump 4 may be crushed and leveled as shown in 
Fig. 4. 

[0056] Next, a flip-chip bonding process for bonding the IC chip 2 provided 
with the bumps 4 of the above-described shape to the base 1 will be described in 
25 detail. 

[0057] Fig. 5 is a process diagram illustrating a flip-chip bonding process. 

[0058] The wafer IC chip 2 is picked up by a nozzle such as an inverted 
pyramidal collet, is turned over, and is passed on to an nozzle tip of an ultrasonic 
horn. Then, the IC chip 2 is aligned and is chip-moimted on a mounting area of the 
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base 1 with high precision by a system such as an image recognition system provided 
in the flip-chip bonding apparatus. 

[0059] When the IC chip 2 contacts the electrode pattern 3 of the base 1 and 
load is detected by the flip-chip bonding apparatus, weight is applied at 1 00 grams per 
5 bump and, ultrasonic waves are simultaneously applied to bond Au in the bump 4 and 
Au in the electrode pattern 3 in a solid state. The conditions of the ultrasonic waves 
are determined by the power of ultrasonic waves and application period of the 
ultrasonic waves. In order to conduct the bonding, a proper temperature is required, 
and the base 1 is preheated at, for example, a temperature in a range between 
10 approximately 150°C and 200°C. The base 1 is also heated in a similar manner 
during the ultrasonic wave processing. 

[0060] In the flip-chip bonding apparatus, a sensor for detecting a height 
direction of the IC chip 2 is provided and by checking and controlling the height data, 
the process can be carried out as if the height of the bumps 4 were uniform. 
1 5 [0061 j The working parameters employed in the present embodiment is to 

apply load of approximately 100 grams per bump and, for the parameters of the 
ultrasonic waves, a parameter value determined by the size of the IC chip 2 and the 
number of the bumps 4 is used. 

[0062] Fig. 6 is a stress distribution map of the IC chip 2 and the vicinity of 
20 the bumps 4 during reflow using FEM (Finite Element Method) analysis or when 

thermal stress due to a cycling test, etc., is applied to the quartz crystal oscillator 13. 

[0063] From this stress distribution map, it can be understood that the stress 
value is varied depending on the position of the b;mip and that significant stress 
concentration acts in the vicinities of the bumps 4 arranged at the comers of the IC 
25 chip 2 and in the portion with fewer bumps 4. 

[0064] When the stress is applied to the vicinity of the bumps 4 as described 
above, a failure such as the bump 4 and the electrode pattern 3 becoming 
disconnected, is likely to occur. Such failure is likely to occur especially when a high 
temperature such as that during reflow is suddenly applied to the quartz crystal 
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oscillator 13. Such failure may also occur due to aging, dropping a device such as a 
portable device having the thin quartz crystal oscillator 13 inside, and mechanical 
shock such as vibrations. 

[0065] The thermal stress and mechanical stress due to dropping and 
5 vibration are related to the overall structure of the base 1, and it is another object of 
the present invention to provide a configuration of the quartz crystal oscillator 13 in 
which stress is not concentrated around the bump 4. Essential points of such a 
configuration will be described below. 

[0066] As shown in Fig. 1, a configuration in which an opening 16 is formed 
10 in the center of the base 1 and the IC chip 2 is mounted in the center of the opening 16 
is employed. Thus, when the quartz crystal oscillator 13 is exposed to stress, by this 
configuration, the stress is evenly applied to the IC chip 2, preventing the stress from 
concentrating in a specific portion. 

[0067] Next, a configuration in which dummy bumps 17 are formed will be 
1 5 explained. The dummy bumps 1 7 are connected to an electrode pattern 1 8 laid out on 
the base 1. In this embodiment, the electrode pattern 18 is not connected to the 
input/output electrodes and is configured to be electrically isolated. 

[0068J By employing the structure with the dummy bumps 17 formed, the 
arrays of the bumps 4 at two opposing sides become even, equally sharing the stress 
20 applied to the vicinity of the bumps 4. 

[00691 Consequently, in this configuration, stress is not concentrated in a 
specific area and well-balanced bonding characteristics resistant to thermal stress and 
mechanical stress can be obtained. 

[0070] Next, the direction in which ultrasonic waves are applied and 
25 deformation of the bumps 4 will be described. 

[0071] During the process of applying ultrasonic waves to perform solid 
state bonding of Au in the bump 4 and Au in the electrode pattern 3, the initial two- 
level shape of the bump 4 shown in Fig. 3 is deformed and connected. At this time, in 
order to prevent a short-circuit between the adjacent bumps 4 and in order to perform 



bonding of all the bumps 4 and the electrode pattern 3 in an even manner, the way in 
which the bumps 4 are arrayed relative to the application direction of the ultrasonic 
waves, the directions in which the electrode pattern 3 is printed on the base 1, and the 
direction in which the ultrasonic waves are applied are regulated. 
5 [0072] To be specific, the bonding process is carried out in such a manner 

that the vibration direction of ultrasonic waves applied to the IC chip 2 is substantially 
perpendicular to the two opposing sides of an active element surface of the IC chip 2 
provided with the plurality of the bumps 4. 

[0073] Fig. 13 is a sectional view showing the bonded portion of the 
1 0 electrode pattern 3 and the bump 4. 

[0074] Because the electrode pattern 3 is formed by applying electrode 
material by thick-film printing, both ends thereof sag, and the bump 4 and the 
electrode pattern 3 are not bonded at such portions. 

[0075] Accordingly, when the process is performed by adjusting the 
1 5 vibration direction of the ultrasonic waves to be perpendicular to the longitudinal 
direction of the electrode pattern 3, there is a problem in that bonding is not carried 
out in an even manner and that sufficient jointing force cannot be obtained. Thus, in 
this embodiment, the bonding process is carried out in such a manner that the 
vibration direction of the ultrasonic waves applied to the IC chip 2 is set to be the 
20 same as the longitudinal direction of the electrode pattern 3 on the base 1 and the 
printing direction of the electrode pattern 3. 

[0076] Next, a process for mounting the AT-cut quartz crystal resonator 6 to 
the base 1 will be explained. 

[0077] As shown in Fig. 1, the AT-cut quartz crystal resonator 6 is 
25 connected and fixed by the conductive adhesive 9 to mounting electrodes 21 and 22 of 
the mounting portion 8 provided in the second layer 5 of the base 1 . 

[0078] Then, the entire package including the IC chip 2 and the AT-cut 
quartz crystal resonator 6 are subjected to an aimealing treatment at a high 
temperature while hardening the conductive adhesive 9. This also has the effect of 



removing gasses emitted from the conductive adhesive 9, the base 1, and so forth. 
Generally, the treatment is carried out for 1 to 2 hours at a high temperature in a range 
between 200°C and 300°C. 

[0079] By this thermal treatment, an Al-Au eutectic reaction in the bump 4, 
5 an Au-Au solid-state bonding reaction, stress release in the bonded portion, and so 

forth are promoted, and bonding characteristics such as bonding strength of the bump 
4 change. In this embodiment, conditions for forming the bump 4 and conditions for 
the flip chip bonding are determined taking into consideration such heat history after 
the flip chip bonding. 

10 [0080] Furthermore, the metallic lid 1 1 is aligned with the seal ring 12 of 

Fe-Ni alloy or the like, which is stamped into a frame shape, on the base 1, and is 
hermetically sealed by seam welding. 
(Embodiment 2) 

[0081] Fig. 7 is a plan view illustrating the structure of a quartz crystal 
1 5 oscillator of another embodiment of the present invention. 

[0082] This quartz crystal oscillator has a structure in which a plurality of 
bumps 4 are formed at regular intervals on the center portion of the active element 
surface of the IC chip 2. 

[0083] By employing this structure, the stress applied to the bumps 4 can be 
20 evenly distributed and a disconnection failure of the bump 4 and the electrode pattern 
3 is eliminated. Also by employing this structure, the bonding process using 
ultrasonic waves is carried out in a well-balanced maimer, and failure such as the IC 
chip 2 being mounted in a slanted manner is eliminated. 
(Embodiment 3) 

25 [0084] Fig. 8 is a plan view illustrating the structure of a quartz crystal 

oscillator according to yet another embodiment of the present invention. 

[0085] This quartz crystal oscillator has a structure in which a plurality of 
bumps 4 formed on the IC chip 2 are concentrically formed about the center of the 
active element surface of the IC chip 2. 
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[0086] As in Embodiment 2, the stress applied to the bumps 4 can be evenly 
distributed, and a disconnection failure of the bump 4 and the electrode pattern 3 is 
eliminated. Also, the bonding process using ultrasonic waves is carried out in a well- 
balanced manner, and failure such as the IC chip 2 being mounted in a slanted manner 
5 is eliminated. 

(Embodiment 4) 

[0087] Fig. 9 is a structural diagram showing the structure of a quartz crystal 
oscillator according to still another embodiment of the present invention. 

[0088] In this quartz crystal oscillator, an underfill material 23 is applied so 
10 as to cover the rear surface of the IC chip 2. This underfill material 23 not only 

enhances the reliability of the bonding, but also serves to radiate heat from the IC chip 
2 by improving thermal conductivity. 

[0089] Furthermore, in order for the underfill material 23 to properly 
permeate to the bonded portion of the bumps 4, the second layer 5 on which the AT- 
15 cut quartz crystal resonator 6 is mounted comprises two layers, i.e., an a layer 24 (first 
layer) and a b layer 25 (second layer). The opening portion of the a layer 24 is formed 
to be larger than the opening portion of the b layer 25. By forming the second layer 5 
in such a manner, the underfill material 23 properiy permeates to the bonded portion 
of the bumps 4 and a highly reliable bonding structure is obtained. 
20 (Embodiment 5) 

[0090] Figs. 10(A) and 10(B) are structural diagrams showing the structure 
of a quartz crystal oscillator according to yet another embodiment of the present 
invention. 

[0091] As shown in Fig. 1 0(A), in this quartz crystal oscillator, for example, 
25 protrusions 3 1 are formed in the side walls of the base 1 which face the two sides 

along the longitudinal direction of the IC chip 2. A gap 32 between the IC chip 2 and 
the protrusion 31 is set to be 0.05 to 0.15 mm, for example. In this embodiment, the 
gap 32 is set to 0.15 mm, for example. 
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[0092] As in Embodiment 1, on the electrode pad of the IC chip 2, the bump 
4 made of metal such as Au is formed and is connected by the flip-chip bonding 
process to the electrode pattern 3 formed on the base 1 . 

[0093] Next, the method for applying the underfill material 23 on the rear 
5 surface of the IC chip 2 so that the underfill material 23 completely fills, without gap, 
the portion of the IC chip 2 in which the bumps 4 are provided, as shown in Figs. 
1 1(A) and 1 1(B), will be explained in detail. 

[0094] The underfill material 23 applied to the IC chip 2 through an 
applicator such as a dispenser, only spreads over the rear surface of the IC chip 2 due 
10 to surface tension, as shown in Fig. 1 1(B), and is prevented from flowing to the region 
with the bumps 4. 

[0095] Then, as shown in Fig. 1 1(A), the protrusions 3 1 are formed on the 
side walls of the base 1 facing the two sides along the longitudinal direction of the IC 
chip 2. Because of these, the underfill material 23 applied through the applicator such 

15 as the dispenser contacts the protrusions 3 1 at the peripheral portion thereof, and 

spreads. The underfill material 23 permeates the gap 32 between the IC chip 2 and the 
protrusions 31, and completely fills the portion of the IC chip 2 provided with the 
bumps 4, without gaps. 

[0096] Here, a width L of the protrusions 3 1 is set to 1/3 to 1/2 of the width 

20 LO of the IC chip 2. By so setting the dimension of the width of the protrusion 3 1 , the 
underfill material 23 is prevented firom overflowing the mounting portion 8, etc. It 
also serves to urge the underfill material 23 to spread to the region of the IC chip 2 
provided with the bump 4. 

[0097] As shown in Fig. 10(B), the protrusions 3 1 are formed to be higher 

25 than the rear surface R of the IC chip 2 and are formed down to the bonding surface S 
of the base 1 to which the bumps 4 are connected. By thus forming the protrusions 
31, the underfill material 23 is prevented firom spreading upward along the side wall 
of the base 1 and firom spreading toward the mounting portion 8 of the AT-cut quartz 
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crystal resonator 6. Formation of the protrusions 31 also serves to urge the underfill 
material 23 to spread to the bonding surface of the base 1. 

[0098] The gap 32 only needs to be wider than the particles of the underfill 
material 23, and, ideally, 0.05 mm is optimum from various permeation characteristic 
5 experiments concerning the underfill material 23. 

[0099] The protrusion 31 may be shaped to have recesses 33, as shown in 

Fig. 12. 

[0100] Consequently, as shown in Fig. 10(B), the underfill material 23 
completely fills the gap provided at the portion of the IC chip 2 having the bumps 4, 
1 0 and covers the vicinity of the bumps 4. 

[0101] The underfill material 23 not only enhances the reliability of the 
bonding, but also serves to radiate the heat fi-om the IC chip 2 by improving thermal 
conductivity. 

[0102] As in the above, by using highly reliable and inexpensive 
15 components such as ceramic and metal, a thin and small, for example, 2 to 3.2 mm in 
length, 2 to 2.5 mm in width, and 0.7 to 1.0 mm in thickness, piezoelectric oscillator 
of high reliability can be provided at reduced cost. 
(Embodiment 6) 

[0103] Fig. 14 is a structural diagram illustrating the structure of a quartz 
20 crystal oscillator according to yet another embodiment of the present invention; and 
Fig. 15 is an enlarged plan view showing a structure of a portion AR in Fig. 14. 

[0104] During the process for forming the bumps, as shown in Fig. 2, the 
plurality of bumps 4 are formed on the pads 14 of the wafer IC chip 2 which is, for 
example, 4 to 6 inches by ultrasonic bump bonding using fine Au bonding lines each 
25 having a diameter of, for example, approximately 25 to 35 ^m. 

[0105] During the flip chip bonding process (FCB process), as shown in the 
process diagram of the flip-chip bonding process in Fig. 5, the wafer IC chip 2 is 
picked up by a nozzle such as an inverted pyramidal collet or the like, is turned over, 
and is passed on to an nozzle tip of an ultrasonic horn. Then, the IC chip 2 is aligned 
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and is chip-mounted on a mounting area of the base 1 with high precision by a system 
such as an image recognition system provided in the flip chip bonding apparatus. 

[0106] Since the pad 14 provided with the bump 4 is, as in above, loaded 
several times with weight and ultrasonic waves, it is possible that the pad 14 suffers 
5 from damage. However, this embodiment prevents such damage in a manner 
described below. 

[0107] In this embodiment, the vibration direction US2 of the ultrasonic 

waves for ultrasonic bonding and for forming bumps on the IC chip 2 shown in Fig. 

15, and vibration direction USl of the ultrasonic waves for performing a ultrasonic 
10 bonding of the IC chip 2 and the base 1 are set to be different, preferably, in directions 

which differ from one another by 90 degrees. 

[0 1 08] By setting the vibration direction US 1 and the vibration direction 

US2 differently, damage to the pad 14 due to repetitively applying a load by 

ultrasonic waves can be prevented. 
15 [0109] The present invention is not limited to the above-described 

embodiments, and various modifications are possible without departing from the 

scope of the claims. 

[01 10] For example, although the description has been made with regard to a 
quartz crystal oscillator in which a single-chip-type semiconductor integrated circuit 

20 having an oscillating circuit is used and in which an AT-cut quartz crystal resonator 
element is used as a piezoelectric resonator element, the present invention is not 
limited to this. For example, the present invention can be appUed to any piezoelectric 
device having a semiconductor integrated circuit such as a voltage-controlled 
oscillator (VCXO), a temperature-compensated oscillator (TCXO), a SAW oscillator, 

25 real time clock modules. Furthermore, the present invention is also applicable to a 
piezoelectric device in which a quartz crystal resonator chip or a SAW chip is 
mounted in a package by flip-chip bonding. 

[0111] As described above, according to the present invention, because of 
the structure in which an opening is formed in the center of the base provided with an 
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input/output electrode pattern, a semiconductor integrated circuit is mounted in the 
center of the opening, and the semiconductor integrated circuit is connected by a 
plurality of bumps to the electrode pattern on the base, the stress is evenly distributed 
over the semiconductor integrated circuit and stress concentration at a specific bump 
5 can be eliminated. Accordingly, a piezoelectric oscillator of superior configuration 
which is free of jointing failure between the bump and the electrode pattern can be 
provided. 

[0112] According to the present invention, because of the structure in which 
dummy bumps are formed on the active element surface of the semiconductor 

1 0 integrated circuit, and the dummy bumps of the semiconductor integrated circuit are 
connected to the electrode pattern on the base, the stress applied to the bumps can be 
evenly distributed. Also, a bonding process using ultrasonic waves can be carried out 
in a well-balanced manner, the semiconductor integrated circuit is prevented from 
being mounted in an angled manner, and a piezoelectric oscillator of high quality can 

1 5 be provided. 

[0113] Furthermore, according to the present invention, by filling an 
underfill material around the semiconductor integrated circuit so as to cover the entire 
semiconductor integrated circuit, i.e., including the rear surface of the semiconductor 
integrated circuit, is not only the reliability of bonding between the semiconductor 

20 integrated circuit and the base enhanced, but also heat from the semiconductor 

integrated circuit can be conducted through the imderfiU material and can be radiated 
to the outside of the package. 

[0114] According to the present invention, by regulating the vibration 
direction of ultrasonic waves applied to the semiconductor integrated circuit, short- 

25 circuits between adjacent bumps can be prevented, ultrasonic bonding can be carried 
out securely, i.e., bonding between every bump and electrode pattern can be 
performed in an even manner, and a high quality piezoelectric oscillator with a 
superior yield can be provided. 
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[0115] According to the present invention, by shaping each of a pluraUty of 
bumps on the semiconductor integrated circuit to have two levels, for example, one 
formed to be 80 to 90 [xm in diameter and 30 to 35 )am in height, and the other formed 
to be 40 to 45 |im in diameter and 30 to 35 ^im in height, the gap between the 

5 semiconductor integrated circuit and the base can be maintained to be several tens of 
|j.m (approximately 30 |am), thereby performing ultrasonic bonding in a stable 
manner, i.e., without experiencing short circuits, bonding shear, or the like. 

[0116] According to the present invention, because a protrusion is formed in 
at least one side wall of the base opposing a side of the semiconductor integrated 

1 0 circuit, the underfill material applied through an applicator such as a dispenser can 
completely fill the gap which is a region of the semiconductor integrated circuit 
around the bumps, and the bump portion can be securely coated with the underfill 
material. Also, by this structure, it becomes possible to apply a little underfill 
material, thereby preventing the underfill material from contacting to an AT-cut 

1 5 quartz crystal resonator, etc., and avoiding inconveniences such as oscillation 
termination, and variation in oscillation frequency. 

[0117] According to the present invention, by setting the vibration direction 
of ultrasonic waves for ultrasonic bonding and for forming the bumps on the 
semiconductor integrated circuit and the vibration direction of ulfrasonic waves for 

20 performing ultrasonic bonding of the semiconductor integrated circuit and a package 
differently, damage due to repetitively applying a load by the ultrasonic waves can be 
prevented. 

Industrial Applicability 

[0118] As described above, the present invention is suitable when used as a 
25 piezoelectric device having a package including a semiconductor integrated circuit 
and a piezoelectric resonator element and as a method for manufacturing the same. 
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CLAIMS 

1 . A piezoelectric device, comprising: 

a semiconductor integrated circuit; and 

a piezoelectric resonator element both included in a package, 
5 wherein an opening is formed in a center of a base provided with an 

input/output electrode pattern, the semiconductor integrated circuit is mounted in a 
center of an opening, and the semiconductor integrated circuit is connected to an 
electrode pattern on the base through a plurality of bumps. 

2. The piezoelectric device according to claim 1, wherein the plurality of 
1 0 bumps formed on the semiconductor integrated circuit are formed at regular intervals 

on a center portion of an active element surface of the semiconductor integrated 
circuit. 

3. The piezoelectric device according to claim 1 , wherein the plurality of 
bumps formed on the semiconductor integrated circuit are concentrically formed 

1 5 about a center of an active element surface of the semiconductor integrated circuit. 

4. The piezoelectric device according to claim 1 , wherein a dummy bump 
is formed on an active element surface of the semiconductor integrated circuit. 

5. The piezoelectric device according to claim 4, wherein the dunamy 
bump formed on the semiconductor integrated circuit is connected to the electrode 

20 pattern on the base. 

6. The piezoelectric device according to claim 1 , further comprising a 
layered part, which surrounds the semiconductor integrated circuit, for mounting the 
piezoelectric resonator element, the layered part comprising at least two layers, 
including a first layer and a second layer, wherein an opening of the first layer is 

25 formed to be larger than an opening of the second layer. 

7. The piezoelectric device according to claim 1, wherein each of the 
plurality of bumps formed on the semiconductor integrated circuit is shaped to have 
two levels, one having a diameter 0.8 to 0.9 times and the other having a diameter 0.4 
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to 0.45 times a length of a side of an opening in a pad provided on an active element 
surface of the semiconductor integrated circuit. 

8. The piezoelectric device according to claim 1, wherein the base 
comprises a ceramic composite substrate. 

9. The piezoelectric device according to claim 1, wherein each of the 
plurality of bumps formed on the semiconductor integrated circuit is an Au bump. 

10. The piezoelectric device according to claim 1 , wherein a protrusion is 
formed in at least one side wall of the base facing the side of the semiconductor 
integrated circuit. 

1 1 . The piezoelectric device according to claim 1 0, wherein the protrusion 
is formed in each of side walls of the base facing two sides along the longitudinal 
direction of the semiconductor integrated circuit. 

12. The piezoelectric device according to claim 10, wherein the protrusion 
formed in the side wall of the base has a substantially same height as, or is higher 
than, the semiconductor integrated circuit. 

13. The piezoelectric device according to claim 10, wherein a gap between 
the protrusion formed in the side wall of the base and the semiconductor integrated 
circuit is set to a range between 0.05 and 0.15 mm. 

14. A piezoelectric device, comprising: 

a semiconductor integrated circuit; and 
a piezoelectric resonator element included in a package, 
wherein an opening is formed in the center of a base provided with an 
input/output electrode pattern, a plurality of bumps are formed at two opposing sides 
of an active element surface of the semiconductor integrated circuit, the 
semiconductor integrated circuit is mounted in an opening, and the semiconductor 
integrated circuit is connected to an electrode pattern of the base through the plurality 
of bumps. 

15. The piezoelectric device according to claim 14, wherein the plurality 
of bumps formed on the semiconductor integrated circuit are formed at regular 
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intervals at a center portion of the active element surface of the semiconductor 
integrated circuit. 

16. The piezoelectric device according to claim 14, wherein a dummy- 
bump is formed on the active element surface of the semiconductor integrated circuit. 
5 17. The piezoelectric device according to claim 16, wherein the dummy 

bump formed on the semiconductor integrated circuit is connected to the electrode 
pattern on the base. 

18. The piezoelectric device according to claim 14, further comprising a 
layered part on which the piezoelectric resonator element is mounted and which 

10 surrounds the semiconductor integrated circuit, the layered part comprising at least 
two layers including a first layer and a second layer, wherein an opening of the first 
layer is formed to be larger than an opening of the second layer. 

19. The piezoelectric device according to claim 14, wherein each of the 
plurality of bumps formed on the semiconductor integrated circuit is shaped to have 

15 two levels, one having a diameter 0.8 to 0.9 times and the other having a diameter 0.4 
to 0.45 times the length of an opening in a pad provided on the active element surface 
of the semiconductor integrated circuit. 

20. The piezoelectric device according to claim 14, wherein the base 
comprises a ceramic composite substrate. 

20 21. The piezoelectric device according to claim 14, wherein the plurality of 

bumps formed on the semiconductor integrated circuit are Au bumps. 
22. A piezoelectric device, comprising: 

a semiconductor integrated circuit; and 
a piezoelectric resonator element included in a package, 
25 wherein an opening is formed in the center of a base provided with an 

input/output electrode pattern, a plurality of bumps are formed at two opposing sides 
of an active element surface of the semiconductor integrated circuit, the 
semiconductor integrated circuit is mounted in a center of an opening, and the 
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semiconductor integrated circuit is connected to an electrode pattern through the 
plurality of bumps by ultrasonic bonding means. 

23 . The piezoelectric device according to claim 22,. wherein a vibration 
direction of ultrasonic waves applied to the semiconductor integrated circuit is 
perpendicular to two opposing sides of the active element surface of the 
semiconductor integrated circuit at which the plurality of bumps are formed. 

24. The piezoelectric device according to claim 22, wherein a printing 
direction of the electrode pattern on the base and a vibration direction of ultrasonic 
waves applied to the semiconductor integrated circuit are the same. 

25 . The piezoelectric device according to claim 22, wherein each of the 
plurality of bumps formed on the semiconductor integrated circuit is shaped to have 
two levels, one having a diameter 0.8 to 0.9 times and the other having a diameter 0.4 
to 0.45 times the length of an opening in a pad provided on the active element surface 
of the semiconductor integrated circuit. 

26. The piezoelectric device according to claim 25, wherein each of the 
plurality of bumps formed on the semiconductor integrated circuit is shaped to have 
two levels, one being 80 to 90 |im in diameter and 30 to 35 (im in height, and the 
other being 40 to 45 ^im in diameter and 30 to 35 jam in height. 

27. The piezoelectric device according to claim 22, wherein the base 
comprises a ceramic composite substrate. 

28. The piezoelectric device according to claim 22, wherein the plurality of 
bumps formed on the semiconductor integrated circuit are Au bumps. 

29. The piezoelectric device according to claim 22, wherein a longitudinal 
direction of the electrode pattern on the base and a vibration direction of ultrasonic 
waves applied to the semiconductor integrated circuit are the same. 

30. The piezoelectric device according to claim 22, comprising the 
semiconductor integrated circuit and the piezoelectric resonator element in included in 
the package. 
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wherein a vibration direction of ultrasonic waves for ultrasonic 
bonding and for forming bumps on the semiconductor integrated circuit and a 
vibration direction of ultrasonic waves for performing ultrasonic bonding of the 
semiconductor integrated circuit to the package are different from each other. 

31. A method for manufacturing a piezoelectric device comprising a 
semiconductor integrated circuit and a piezoelectric resonator element included m a 
package, the method comprising: 

a step of forming a metallic bump on the semiconductor integrated 

circuit; 

a step of connecting the semiconductor integrated circuit on which the 
metallic bump is formed to a base by ultrasonic bonding; 

a step of detecting a height direction of the semiconductor integrated 
circuit during the ultrasonic bonding; 

a step of mounting the piezoelectric resonator element; and 

a step of hermetically sealing a metallic lid to the base. 

32. A method for manufacturing a piezoelectric device comprising a 
semiconductor integrated circuit and a piezoelectric resonator element included in a 
package, the method comprising: 

a step of forming a metallic bump on the semiconductor integrated 

circuit; 

a step of connecting the semiconductor integrated circuit on which 
metallic bump is formed to a base by ultrasonic bonding; 

a step of detecting a height direction of the semiconductor integrated 
circuit during the ultrasonic bonding step; 

a step of filling an underfill material around the semiconductor 
integrated circuit so as to cover an entire semiconductor integrated circuit including : 
rear surface of the semiconductor integrated circuit; 

a step of mounting the piezoelectric resonator element; and 

a step of hermetically sealing a metallic lid to the base. 
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ABSTRACT 

An opening is formed in the center of a base 1 on which an input/output 
electrode pattern 3 is formed. Meanwhile, a plurality of bumps 4 are formed on two 
opposing sides of an active element surface of the semiconductor integrated circuit 2 
5 so as to mount the semiconductor integrated circuit 2 in the center of the opening. 

The semiconductor integrated circuit 2 is coimected to the electrode pattern 3 on the 
base 1 through the plurality of bumps 4 by ultrasonic bonding means. In this way, a 
small and thin piezoelectric device which has superior bonding characteristics of the 
semiconductor integrated circuit and the base, which are subjected to flip-chip 
10 bonding, and which endures mechanical shock, thermal stress, etc., can be obtained at 
reduced cost. A method for manufacturing the same is also provided. 
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